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GENERAL PROGRAM DESCRIPTION - SG-L INSTRUMENT

In the field seven channels of data are recorded in analog form
simultaneously on AMPEX SP300 tape recorder. Separate channels al-

lotted to various data are typically (but not always) as follows:

Track 1. Spectrometer raddance output (narrow-band)
2. Spectrometer radiance output (wide-band)
3. Spectrometer wavelength output
4. Radiometer (Huggins MKIX) total flux output
5. Spectrometer filter channel used
6. 12.5 Kc crystal oscillator signal (for flutter
compensation)

T. Voice channel

Upon return from the field the analog tape 1is copied for pre-
servation. The analog tape is played back at 4x recording speed
(4L x 12.5 = 50 Ke=Channel 6) and then encoded with range coded time,
defluttered electronically(forcing channel 6 to be a standard SOKc
signal)and a DUB analog copy tape prepared. The DUB is then run on
an oscillograph to make a psper scroll record. Finally the DUB is sent
to the A-D connector to be digitlized in a TRIFID format.

The TRIFID data tapes are written in a closely packed binary form.
As indicated previously, 3 words of wavelength and radiance are packed
into one computer word. The TRIFID tapes are also blocked, that is 255
computer words are written onto one physical record of the tape. An
inter-record gap occurs on the tape between each of these physical
records. The last word of each physical record contains a range-
coded time (Pacific Missile Range Time). It is assumed, to relate the
wavelengths and radiances to a unique time, that each set of one wave-
length observation and one radiance observation occurs at a time com-
puted by a linear interpolation between the two range coded times of

two successive records. Thus 254 computer words of packed wavelength
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and radiance,plus one time,occur per record. This gives 254 x 3 or

762 words of wavelength and radiance or 381 sets of observations per
record. These observations occur continuously and successively down

the tape. In order to find a particular spectrum, two range coded times

are required - the start of the spectrum and the stop of the spectrum.

The spectrum is found by searching the tape until a range
coded time in the last word of a record exceeds a start time. If so
the record is saved and the start wavelength and radiance are found by
interpolation between this range coded time and the range coded time of
the previous record.

Difficulty was encountered in determining the start and stop
times of spectra. The computer program uses the information directly
from the TRIFID tapes which were digitized from the original field
analog tapes. This time information, because of noise, may not nec-
cessarily agree with that on analog scrolls which were used previously
to manually determine range-coded times., In addition the analog scrolls
were hard to read with precision since the observer had to perform
interpretive measurements which were subject to error in order to de-

termine the start-stop times.




PART IT

STANFORD ADAPTATION AND CORRECTIONS FOR USE ON
IMSC PROGRAM ON IBM 7090 - 32K MEMORY COMPUTER

A. Introduction

In February 1966, the spectral correlation program was released
to the Stanford Remote Sensing Laboratory by Lockheed Missiles and
Space Company (LMSC) of Sunnyvale, California. This reporgidescribes
the mcdifications on that program which were nece;;;;§f;£rzgilement
it on the IBM 7090 at Stanford University. It also summarizes some
of the improvements which were made during the course of the mod-

ification.

The program, as released, is described in IMSC Report #66874h§*'
It was originally developed and run on the UNIVAC 1108. The basic
program was written in FORTRAN IV. The original program utilized a
UNIVAC machine language coded search package, however, an equivalent
search package was made available in MAP to be used on the IBM T090.
Some changes were required to incorporate the MAP coded search
package into the FORTRAN IV program and to implement it on the Stanford

system.

B. Initial Improvements and Changes

Since this program was developed for a computer with more memory
space than is available on the 32K IBM 7090 at Stanford University,
certain changes needed to be made to reduce the amount of memory

required.

*
This report is designated #67-2. Additional copies of all SRSL
reports are available from the NASA-MSC Data Bank.

*%
Now Stanford Report SRSL 67-1.




From prior usage it was determined that certain of the variable

arrays could be cut down in size without greatly restricting the

capability of the program. The following arrays sizes were altered:
VARTABLES LOCKHEED SIZE STANFORD SIZE

ARAY 100 20
BRAY 100 20
CRAY 100 20
DRAY 100 20
BUFFR1 3000 550
BUFFR2 3000 550
E 3000 550
EA 300 x 10 300 x &
EB 3000 550
EINT 53 x 10 53 x U
LAM 3000 550
LAMA 300 x 10 300 x 4
LAMB 3000 550
T 3000 550
TIME 3000 550

R A
Definitions of these variables are given in IMSC Report 668Thk.
With the above changes the maximum number of black body intervals that
can be averaged is reduced from ten down to four. This is the only

significant restriction introduced by these changes.

The FORTRAN IV overlay feature was also incorporated to save
storage space. The present method is to use four different overlay

configurations as follows:

Now SRSL #67-1
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Part of the search package used by this program consists of
MAP coded input/output routines which were developed to enable rapid
searching of data on magnetic tapes. One of these routines (OPENIO)
performs the function of assigning logical tape numbers to physical
tape units. The assignment of numbers to units is generally not the
same from one computer installation to another. Hence in implementing
this program at Stanford this assignment of tapes had to be changed to
be consistent with the Stanford system. Further complication arose
when it was discovered that the logic for assigning numbers to units
was 'machine dependent”" on the Lockheed monitor system. In addition
the unit control block (part of monitor system) of the Stanford
system was somewhat different than Lockheed's because of the disc file
on the Stanford machine. Hence new logic for tape assignments had to

be programmed and debugged.

3. Conversion of Plotting to Calcomp System

A - R e T T o e G o e e e O DM s e (o G (e G ey

The initial program included a facility for plotting black
body radiance, average emittance and emittance ratic as a function of
wavelength. Routines were included which generated plot information
for the SC L4020. Since the Calcomp plotter is more readily available
at Stanford the 4020 routines were replaced by equivalent Calcomp plot
routines and a short subroutine, PPLOT, to call them. PPLOT performs
the function of scaling data and calling in the proper plot routines
to plot axes, labels and data points for average black body radiance;
average emittance and/or emittance ratio (for each sample spectra)
versus wavelength. The value of the variable KPLOT will determine
which plots will be generated. In must cases the wavelength axes
varies from 7.0 to 14.0 microns however, data over a different range

can be plotted with proper specification of the input variable NSPEC.

-8 -
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The format of the output data was greatly improved with the
addition of printed information describing each set of output and

the grouping together of related data.

The facility for punching output information on cards is now
also available. An initigl identification card is punched for each
run with information sbout tape number, run number, date, etc.

Further card output is generated in groups of nine cards. The first
card (data identification card) identifies the data in the following |
eight cards. Average blackbody radiance for each set of blackbodies
and average emittance and emittance ratios for each sample spectra are
punched on sets of eight cards. There are 53 values in each set with
T values on each of seven cards (FORMAT(1X, TF10.5))and four on the
last card (FORMAT (1X, 4 F10.5)). Column 75 in each card contains

a sequence number one through eight. Columns 76-80 contain an
identification code. For blackbody radiance the first two code
digits represent the tape number (if properly inputted), the third
character is always a "B" and the last digit a sequence number for the
set of blackbody data. In any run, blackbody data is always sequenced
starting with one. For gverage emittance and emittance ratios the

code number is the four digit sample spectra number.

The extreme values in correlation coefficients are also punched
on cards, and used elsewhere in the "housekeeping" programs of the

Remote Sensing laboratories at Stanford

5. Error Messages

The initial version of the program gave a memory dump when
certain errors were encountered during execution. However, there
was no indication given as to the cause of the error or its point of
occurence. This prompted the addition of error messages to be

printed out when errors occur.



Error messages and their causes are given in Appendix B.

c. Program Bugs Detected and Corrected

The initial version of this program was being used on the
UNIVAC 1108 with a machine dependent search procedure for finding
start and stop times on the digital input tape. Since the search
package was machine dependent it could not be used on the IEM 7090
at Stanford. Hence an equivalent 7090 search package had to be used.
The incorporation of this new set of routines required the change of
the main program calls to these routines and the introduction of four

tape indicatives.

A considerable amount of effort was spent developing the

correct linkage between the main program and the T090 search package.

2. Buffer Dimensions Inconsistencies

One of the very early problems encountered in this program was
a program halt during execution caused by a portion of the program
being overlayed by data. The cause of this was due to the fact that
the array BUFFER had been declared to be one size in one routine and
a different size in another routine. The consistent dimensioning
of the array BUFFER remedied this problem. The basic reason for
this problem was that the maln program and the search package were
IMSC programs which were developed independently, and their compat-

ability had not been checked out.

3. Indicative Flippings

Sometimes for an unknown reason the analog-to-digital converter
changes the sync-bit (binary minus) location. A brief explanation
of word packing and sync-bit is as follows. Three words of wavelength

and radiance are packed into one computer word. The sync-bit (minus

-

- 10 -




sign indicates which part of the computer word is the wavelength.
In two successive computer words there are 3 wavelengths and 3

radiances. It was noted that sometimes this synec-bit changes loc-

ation in the middle of a recordl Logic is now in the program so

that 1f this happens, the expected location of the sync-bit is flipped
to the other channel, the tape rewound, and the calculation restarted
from where it had stopped. This is not a general solution to the
problem, because 1f the flipping occurs in the middle of a record
which is to be read, the program after flipping #ill be unable to

read the first part of the record.

Its usefulness is primarily when the indicatives were impro- -
Perly specified initially, or if the flipping occurs between records

which are to be read.

It was also noted that in some cases the wavelength value was
taken to be the radiance value and vice verss. This resulted in an
interpolation error when the calibrations of these two values were
attempted. In particular, the wavelength value was found to be out
of the range of the calibration table for radiance. This error is
remedied by rerunning the data with the third and fourth indicatives
interchanged. This then identifies the sync-bit with the correct

data.

o T — ot sy T = e W e s oo o bt o s e Ty 2

11 and 12 are integers between 1 and 53. They refer to the
library spectra input to the program. Il =1 at the low wavelength
end of the spectra and increases by 1 for each entry in the library
spectra table. The rock library has 53 entries. The program has
quite a bit of logic built into it which 1s based on & library size

of 53, thus all other library which one attempts to use or construct

should also have 53 entries.

Now in the program, after the blackbody calculations are

-.11 -



completed, Il is the lowest wavelength entry in the blackbody spectrum
and I2 the highest. Consider an example. Suppose the library
spectrum goes from 7.8 microns to 13.0 microns in intervals of 0.1
microns. If the blackbody spectrum starts at 7.8 then Il = 1l; if the
blackbody spectrum starts at 7.9 then I1 = 2 and so on. Similarly for
I2, I2 = 53 when the blackbody spectrum stops at 13.0.

Now when an input spectrum is processed this spectrum may start
and stop at wavelengths which may not correspond to the blackbody
start-stop wavelengths. Thus Il and I2 are peculiar to each input

spectrum also.

Initially the program did not consider this possibility. It
used Il and I2 from the previous sample spectra rather than from the
blackbody spectra. A change was made in the program so that the
values I1 and I2 given by the blackbody calculation are saved. The
initial values given to each input sample spectrum are reset to the

correct blackbody numbers before each spectrum is processed.

The Lagrangian interpolation routine was developed with the
assumption that the change in the wavelength values would be monotonic.
Hence the first value in the array of wavelengths would be expected to

be the smallest and the last value the largest, or vice versa.

The first thing that must be determined before each interpolation
is whether or not the wavelength to be interpolated is within the range
of the array of wavelengths. It is accomplished by comparing the
wavelength to verify that it is larger than the first (assumed to be
minimum) value in the array and smaller than the last (assumed to be

maximum) value in the wavelength array.

Due to the noige present on some of the digital tapes (parti-
cularly tapes 8 and 9) the wavelength arrays were not monotonic.

Hence, the first value in the array was not necessarily the minimum

- 12 -




and the last value not necessarily the maximum. In this case a value
larger than the last value in the array but smaller than the maximum
value would be mistaken to be out of the range of the table. This
condition automatically terminated the execution of the program with

an error message (IERROR = 3).

This situation was remedied by changing the interpolation
routine so that the value to be interpolated is compared with the max-

imum and minimum values in the array rather than the first and last.

D. Variable Sampling Rate Introduced.

One of the major changes made in the program NSCP was the
incorporation of logic to automatically change the sampling rate of
the data on the digitized input tape. This change was prompted by
a problem encountered in running 1966 tape #11 (Davis, California,
agricultural test site data), which was digitized with a higher rate
than any of the prior tapes. The program is designed to search the
input tape, to locate the specified starting time and to read in data
starting at that time and continuing until the specified stop time is
encountered. The problem arose when the array for storing data points
(BUFFER) was filled up to its maximum size (550 memory words) before
the stop time was reached. Hence the number of data points between
the start and stop time was too large to be accommodsted in the memory

space allocated for its storage.

There were several ways to remedy this problem. One was to
increase the array size of BUFFER, however, this was impossible due
to Stanford 7090 storage limitations (32K words). Another way was
to reduce the amount of data by reducing the time interval. A third
way was to reduce the sampling rate of the data. This latter alter-

native was chosen.

The variable ISAMP in the subroutine SEARCH gives the value of
the sampling rate. Initially ISAMP = 1, i.e., every point is sampled.
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If the number of points read in exceeds the storage allocated, then
ISAMP is increased to two and the data is read in again taking every
other data point. Each time the storage is exceeded and ISAMP is
incremented by one a message is printed out to inform the user of the
current sampling rate. If ISAMP reaches a maximum of nine the run

is terminated.

E. Comparison of Output Data with Previous Results

In order to verifyy the correctness of the program operating
under the Stanford Computer System, the results were compared with

those results obtained at the Lockheed Computer Instailation,

One distinct inconsistency was noted. In particular for a
given set of start and stop times the array of wavelengths found
within that time interval was not the same as the array found in an
identical Lockheed calculation made previously. Furthermore, the
wavelengths were not monotonically increasing or decreasing with time.
In several cases the maximum wavelength occurred a short time after
the start time or just before the stop time, indicating that the start
and: stop times were chosen incorrectly. Yet the times were the same
as those used previously. Hence it became apparent that the diff-
erence between the two runs resulted from differegt IMSC-generated
input tapes. An investigation of the input tapes indicated that

there were several versions of each digital inpuft tape and that the

tapes that we were using were not necessarily the same versions which

were used at Lockheed?k In the development of the computer program,

Lockheed had experienced some of the same troubles with "noisy"
digital tapes. They had apparently remedied this problem by re-
processing the tapes in one of two ways, 1) re-doing the complete
analog-to-digital conversion with new dubbed times, or 2) smoothing
the voltages by some method (method unknown) which did not affect the
dubbed times.

*
In all fairness to IMSC it should be noted that the original contract
(NAS2-2529) under which this work was performed did not call for Ames
or Stanford to receive digital tapes. These were provided by IMSC
as a favor.
- 14 -




The following table contains the pertinent data regarding the
digital tapes.

TAPE USED AT STANFORD TAPE USED AT LOCKHEED

Tape No. Lockheed Reel No¥ Date* Lockheed Reel No.* Date™™
i 14641 10=14=65 14641 10-14-65
6 14656 10-14-65 No record
7 10231 1=h-66 10231 1-4-66
8 no number  13-23-65 14184 11-23-65
9 14514 1-12-66 10235 1-28-66
10 75 1-25-66 5 1-25-66
*

information obtained from tape reels at Stanford

* information obtained from Lockheed records of David Badal

The above table indicates that the tapes used at Stanford for
h, T and 10 were the most recent versions. Results of these tapes
should compare favorably with Lockheed results. It is apparent
that the tape for 9 is not the most recent and it is suspected that

this is likewise the case for tape 8. Hence one can not expect to

duplicate Lockheed's results now from these tapes. The tape for
6 contains an entirely different set of times than those used by

Lockheed, indicating that a different tape was used.

The effect of these tape differences on the final correlations
is difficult to determine. It is apparent, however, that noisy data,
particularly non-monotonic wavelength data, causes serious problems
in the interpolating routine which in turn results in bad points,

which could significantly effect the correlations.

F. Summary of Processing Results

*

Due to the fact that we initiated the request late in the
contract period (Sept. 1965), only six digital tapes were able to be
saved for us by Lockheed (tapes #4,6,7,8,9,10).

* See footnote preceding page.
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TAPE 4
Tape L was run without serious problem except for samples 451,
452, and 453. For some undetermined reason the times for these

samples could not be found on the tape.

TAPE 6

The input times that duplicate the Lockheed run of tape 6 were
not the same as those present on the tape. The times used by Lockheed
were in the neighborhood of "15 hours, 14 minutes", while the actual
times on tape 6 (decoded from tape dump) were around "O hours, 24 min-

utes." This indicates that tape 6 has been digitized twice with

different dubbed times. In studying the Lockheed report on the com-

puter program, a set of input data was found in a sample calculation
which corresponded to the times present on tape 6. This data was

used to successfully run sample 601-61L using tape 6.

TAPE T

Tape T was run with two different sets of data. The first
set, which duplicated the run made at Lockheed, was run successfully
for all samples. The second set of data included start and stop
times to give a maximum time interval. A problem arose when one of
the blackbody time intervals produced bad data. It is believed that
this was caused by erroneous data on tape 7. The elimination of this
blackbody (i.e., using 3 blackbodies instead of 4) remedied the problem.
This second run of tape 7 also prompted the detection of the program
error of failing to initialize Il and I2 for each sample (see sample
708). The shortness of sample ZQ§ caused all successive samples %o
be truncated (I1 = 6, I2 = 28).

TAPE 8

There were no problems encountered in running the last half of
tape 8, samples 815-822. The first part of tape 8 (samples 801-81L)
resulted in a non-monotonic blackbody wavelength array, which caused
trouble in the interpolation routine for determining average blackbody

radiance. The trouble was cured with the appropriate changes to the
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interpolation routine (see section E.5)

TAPE 9

The first part of tape 9 (samples 901-913) was run without
difficulties. In running the second part (samples 914-934) the
same problems that occurred with tape 8 were encountered. The same
changes in the interpolation routine eliminated this problem.

TAPE 10

Tape 10 ran without difficulty.

TAPE 11 (1966-SU Data )
In order to run tape 11 successfully the mecahnism for varying

the sampling rate was needed. Also a library for low wavelength
samples was required as well as some minro changes to the plot routine

to plot lower wavelength values.

G. Bad Data Generated by Interpolation Routines

An interesting phenomenon was cbserved in the output from
tape 8, which gave indication that the routine for four-point
Lagrangian interpolation (INTERP) was not giving correct values.

A further investigation of this confirmed it to be true that under

certain conditions the interpolating did not give an accurate value.

In Fig. 1 the points from the array of wavelengths and the
interpolated wavelength values are plotted on the horizontal axes and
the corresponding radiance on the vertical exes. These points
occurred in the second blackbody interval for tape 8 (start time

10h Tm 49.0s and stop time 10h 8m 0.5s).

Interpolated points are denoted by X, given points are dots.
The numbered points (dots) designate the time sequence in which the
points occurred. Note that the wavelength does not increase mono-

tonically with time, e.g., the wavelength at point 12 is smaller than

- 17 -
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at point 11. The points used for interpolation are indicated along
the wavelength axes at each interpolated point. For example, the
radiance value for 8.8 microns was obtained from an interpolation

polynomial defined by points 8,9,10 and 11.

The interpolated radiance value for 8.9 microns is around 1.1,
whereas the four points used for interpolation (points 9, 10, 11 and
12) were all around 0.2L45. Here the interpolating polynomial based
on these four points gives an incorrect radiance value for 8.9 microns.
A close look at the four points in question suggests that a polynomial
through those points would have a very sharp peak between points 11
and 12, due to the steep slope between points 10 and 12. A verif-
ication of this is shown in Fg. 2, where some additional points are
given between 11 and 12 (X denotes an interpolated point) and the
appareht interpolation polynomial is given by the dotted line.

This is a prime example of how one bad (noisy) point, in this case

point 12, can produce a significant error.

It is apparent in the case of tape 8 that this problem would
not have occurred if the table of wavelengths were monotonically
increasing and not so noisy. The elimination of noisy data would

certainly correct occurrence of bad points from interpolation.

An alternative to this would be to replace the interpolation
routine with one which uses a more satisfactory interpolation method
such as a linear least squares it on four points. Nevertheless

the result would still be based on noisy data.
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APPENDIX A - Data Card Formats

(1) Input Data

All times are specified in pairs, the first being the start
time of an interval and the second being the stop time. Each time
is specified in hours (H) with format 12, minutes (M) with format
I2 or I3 and seconds with format F5.2, F6.2 or F7.2. See Format
Sheet for details.

Card type A
NTAPE -~ logical tape number for the unit from which the digitized

voltages are read. Note: generally NTAPE = 12 which is
unit B7 on the Stanford system. Format (I5)

LIB - logical tape number for the unit from which the library
spectra are read. Note: generally LIB = 9 which is unit
A5 on the Stanford system (Format (I5)

N - should always be specified as one for the first set of data

to allow the library tape to be read in. If other sets of
data follow,N can be set equal to 2 to bypass the rereading
of the library tape

KPLOT - for XPLOT = O no plots will be generated
for KPLOT = +1 plots of blackbody radiance and average
emittance will be generated
for KPLOT = -1 plots of blackbody radiance and emittance
ratio will be generated
for KPLOT = 2 plots of blackbody radiance, average emittance

and emittance ratio will be generated (Format (I5)

NDEBUG - if NDEBUGC >0 intermediate data will be written out for de-
bugging purposes Format (I5)

NSPEC - if NSPEC>O program logic for processing low wavelength data
will be used. Format (I5)
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WAVLOW - lowest wavelength at which the instrument will operate.
Format (F1O.k4)

WAVHIG - highest wavelength at which the instrument will operate.
Format (F10.h4)

Card type B
VMAXWL - wavelength voltage level corresponding to the first time

interval on the card. Format (F6.2)

VMINWL - wavelength voltage level corresponding to the second time

interval on the card. Format (F6.2)

ITECS - temperature number should always be specified as one.
Format (I4)

NIBB - number of black bodies to be averaged - note: 1 < NIBB < 4
Format (Ik4)

NISSP - number of sample spectra to be processed. Format (IL)

Card type C )
INDIC(1) and (2) - octal indicatives used to identify the input

tape containing digitized voltages - these
indicatives must match those on the first record
of the tape. Format (012)

INDIC (3) and (4) - octal indicatives used to designate the position
of the sinc bit and the number of channels of
data on the digital voltage tape - these values
are generally octal 1 and octal 2, specified in
an order determined by the position of the sinc

bit in the first word of the data.

NCRDs - number of cards required to specify the calibration table.
Format (I6)
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Card Type D
DTBRB - length of the time interval in seconds divided by the

number of points to be sampled in the interval (if this
variable is left blank the program computes DTBB = time
interval (seconds)/51. Format (Fk.2)

Card Type E

VMAXIR - radiance voltage level corresponding to the first time inter-

val on the card. Format (F6.2)

VMINIR - radiance voltage level corresponding to the second time

interval on the card. Format (F6.2)

Card Type F

This card contains alpha numeric informstion for identifying
the input data, eg. tape number, site run date, etc.
Format (12A6) note: the site code is generally specified

in columns 1-6.

Card Type G
DISSP - length of time interval in seconds divided by the number of
points to be sampled in the interval (if left blank the

program computes DISSP = time interval (seconds)/Sl.
Format (F3.1)

Sample Code - six letter code designating the sample

Sample Number - four digit number identifying a sample - first two
digits are often the tape number.

Site Code - six letter code designating the site.

Sample Description - any descriptive information about the sample

Card e H
ARAY - calibration table voltage values for wavelength calibration

Format (F6.2)

BRAY - calibration table corresponding wavelength values.

Format (F6.2)
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CRAY - calibration table voltage values for radiance calibration.

Format (F6.2)

DRAY - calibration table corresponding for radiance calibration
Format (¥6.2)

(2) Deck Set-up
Data cards are read by the program in the following order:
Sequence Type Number of Cards

1 A 1

2 B- 1

3 C 1

4 D 1 if NIBB=1
2 if NIBB=2
3 4if NIBB=3
I if NIBB=L

5 B 1

6 F 1

T G NISSPE

8 H NCRDS
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APPENDIX B - Error Messages

(1) Search Errors

An error that occurs during the tape searching routine will
terminate the execution of the program with a message indicating
where the error occurred and a variable IERR whose value will

indicate the cause of the error. The following values of IERR may

occur:
JERR = O no cause for error is given
IERR = 1 incorrect indicative specified
- usually means that the wrong tape was. used
IERR = 2 unable to find start time in the first file
- usually means that the start time was specified
incorrectly
TERR = 3 no sync bit in frame
- this is usually corrected by interchanging the
third and fourth indicatives
IERR = 4 unable to find stop time in the first file

- usually means that the stop time was incorrectly
specified
The feollowing messages may occur:
SEARCH ERROR IN FINDING WAVELENGTH CALIBRATE TIMES
SEARCH ERROR IN FINDING SAMPLE EMISSION SPECTRA CALIBRATE TIMES
SEARCH ERROR IN FINDING BLACKBODY TIME
SEARCH ERROR IN FINDING DRIFT CORRECTION TIMES
SEARCH ERROR IN FINDING SPECTRUM TIME

(2)  Interpolation Errors

An error occurring in the interpolation routine will also
cause the termination of program execution. A message is written
out and a value for IERROR is given indicating the nature of the
error. The following values of IERROR may occur:

IERROR

IERROR = 2,3 value to be interpolated is out of the range of
the interpolation table

It

1 no cause for error is given
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The following messages may occur:

BB INTERP ERROR FOR A - B

BB INTERP ERRCOR FOR C -~ D

BB INTERP ERROR FOR LAMA-BASEL ARRAY
INTERP DRIFT ERROR

SPECTRUM A - B INTERP ERROR

SPECTRUM C - D INTERP ERROR

SPECTRUM INTERP ERROR FOR LAMB-BASEL ARRAY

Along with some of the above messages, intermediate data

will be written out for debugging purposes.
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PART III

VOLTAGE DRIFT CORRECTION PROCEDURE

A, Analysis of Voltage Drift Problem

The detailed study of the Lockheed digital tapes showed a
clearly defined tape voltage drift which was sequential with time.
Lockheed had generated the digital tapes from our original analog
records during the course of the original NASA(ARC) - IMSC contract
(NAS2-2529) . After the conclusion of that contract, IMSC sent the
remaining 6 of the 10 tapes to Stanford for further analysis by the

Remote Sensing Laboratories.

This analysis of the data indicated that the power supply in
our Ampex SP300 tape recorder was apparently out of adjustment for a
3-month period during the latter part of 1965. Unfortunately this
was during our main data recording period. This asserted itself as
drift on the voltage controlled oscillator (VCO), effectively changing
all the voltages recorded on each of the T channels. The changes
were cumulative from approximately August until the end of the field
work in late October 1965. At this time the drift was approximately
10% out of calibration. One most frustrating characteristic of this
drift was that it had a marked daily-rise character, but the instrument
would revert to the previous level of drift upon switching off and
cooling. The drift followed a varying pattern during August, but
from September 22 to October 31, it approximated a negative 0.2 volts

drift per month on the recordings. Superimposed on this, the daily

drift was positive and of 0.10 volts per hour. This however disappeared

during any cooling over 30 minutes. The instrument would then revert

back to its original drift level of that particular morning.
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The following points became significant in discussion of the

correction method:

(a)

(e)

(d)

All spectra taken with a grating instrument require an
order-sorting, optical filter be placed in the optical
train to avoid the superimposition of second~ and third-
order spectra on top of the first-order spectrum. Our
#4 optical filter has, as its characteristic shape, a
"cut-on" approximately at 8.2 microns, "half-power point"
at 8.5 microns and "long-pass” out to beyond 12 microns
(see Fig. 1), Significantly there is a bump of a
higher transmission at exactly 10.0 microns. This is a

filter characteristic and is therefore impressed on all

radiance data obtained through this filter.

Inspection of all the spectra produced on the X-Y
oscilloscope (photographed as polaroid prints concurrently
with the tape recordings) showed that this reak maintained
its 10.0 micron position and pattern regardless of the

time of the day or year in which the recording was made.

This is to be expected, but is the confirmatory evidence
needed to identify the malfunction as being in the tape

recorder VCO system down-stream from the oscilloscope.

For each field trip it is possible to determine a daily
and hourly voltage shift of the ten-micron bump on the

spectral radiance data.

The drift could be corrected either by adjusting the
position of this peak manually (a "data shift") or by
recalibrating the start voltage using known "stop" and
"start" wavelengths for the spectra. Both methods have

been used.

A first attempt was made to correlate the drift with operating
'temperatures as we had spent the latter part of the field trips in
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the desert. Table I showed quickly that this correlation was
usually negative, that is it was negative with respect to the outside
air temperature. There was a close correlation with lapsed time

or the number of minutes over which the equipment (mounted in the
cab) had been turned on. A plot of the drift pattern i.e.value and
sense positive or negative is shown in .Fig. 2, where drift is
plotted against date of operation - often positive and negative
drifts are shown (Tape 6 - Day 277) for the same day, separated by a
break (147 mins.) during which the equipment apparently cooled down.

A plot of the magnitude of the voltage drift (either +ve or
-ve) versus lapse time ( Fig. 3 ) shows an interesting relationship.
Despite the spread of the data a crude value can be determined of
0.1 volts drift/hour at a 4.0 volt level. This is equivalent to an
0.25u drift/hour, truly a discouraging fact in any systen.

A similar analysis of Fig. 2 shows a negative drift of -
0.2 volts/month or approximately O,Su/month for the field data after
tape 3.

Having now described the problem, let us explore the methods
we have used to correct the effect in the data. Hardware corrections
have been effected as follows:

1. Crystal controlled 12.5 Kc oscillator replaced the hand-set

12.5 Ke unit previously in use. Tape 11 (1966 data) was
the first to use this and it gave excellent control.

2. The Ampex SP300 unit has been repaired and re-calibrated

and most of the drift effects have been removed. (Some
effects are still present, but appear to be SG-4 generated

instead of tape recorder faults).
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B. Correction Programming

From a study of the plots of radiance versus wavelength it was
noted that the order-sorting (optical) filter had maximum peak at
10.0 microns. Due to the VCO drift superimposed on all the 1965 data
this peak appears at various (but sequentially and daily increasing
values rising from 9.8 to 11.3 microns between August and November

1965. (See previous figure)

To correct this drift we first observe that the grating in the
spectrometer starts at a fixed wavelength and stops at a fixed wave-
length for every spectrum. Thus the actual wavelength is known for
the minimum voltage for a minimum wavelength and maximum voltage for
a maximum wavelength. We also assume that both the wavelength and
radiance channels drift by the same amount, and that little drift

occurs during one spectrum.

In consequence of the above observations we consider the
problem as follows:
Let )\ represent true wavelengths

Let A" represent measured wavelengths

Let xg be the highest wavelength, and
xl be the lowest wavelength,

then the true wavelengths are related to the measured wavelengths by

)\ = )\-l = )\ - )\l
Ao My - A
or
R VR W :
NEC (S VRS
S -]

(12.77 - 7.52) /.« .
: (A" = A) +7.52

’
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where ki and xé are the measured wavelengths at the top and bottom of

the spectrum. A° is the measured value of the wavelength at the

time desired.

For radiance channel corrections we assumed that the voltage
drift is the same for the radience channel as for the wavelength
channel. Now the radiance error is known at the top and bottom of

the spectrum

v i
_ 1
AEl = _1 * e A)\l
VE xl
1 1
v .
_ A E
AEE B 2 * 2 . A)\2
VE A2
2 2

where V,\l etc. are the voltages on the magnetic tape corresponding to

wavelength or radiance at positions 1 or 2.

Thus true radiance is computed by

=R - A - T7.52 -
E=E + AEl * 12.77 - 7.52 (AE2 AEl)

The procedure for correcting the drift is as follows:
The start and stop times of the desired spectrums are determined

from the paper analog readout 'scrolls, .or morée recently from

the digital tape "dump" itself.

These start and stop times, input to the prograﬁ, must be the
times of maximum and minimum voltage. This differs from that
previcusly, in that before if a shortened spectrum was desired,
a later start time was specified and the voltage read off the
tape determined the starting wavelength. Now, if a shortened

spectrum is desired, a special control variable - IIN - is input

to the program. This intéger variable has the value of the
ith wavelength where the spectrum is to start. In example,
if IIN = O or 1 the spectrum starts at 7.8,
if IIN = 2 the spectrum starts at 7.9,
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if IIN = 3 the spectrum starts at 8.0, and so on.

a. Generation of Shifted Card Output

A short program (SHIFT) was written to accept the card output
from the Main Program (NSCP) containing data for average blackbody
radiance, average emittance or emittance ratio. The program shifts
this data by a specified amount (microns) and generates a new set of

cards containing the shifted data.

The input cards in the shift program are in the same order as
they are generated from the main program with the exception of an
additional shift card placed before each set of nine cards specifying
the amount of shift. The amount of shift is specified by a floating
point number, whose absolute value is less than that placed in columns

1 through 10 of the shift card.

Recall that there is a run identification card generated by
the main program for each run. This card must be the first card
in the input to the shift program. Suppose that data from two
different runs were to be processed in one run of the shift program.
In this case a card containing a floating point ten (i.e. 10.0) any-
where in columns one through ten must be placed between the data from
each run (i.e. just before the run identification card). Hence the
following sequence of cards is typical input to the shift program:

1 Run identification card - Run #A
2. Shift card for lst set of data - (FORMAT (F10.5))
3. Data identification card - Data Set #Al
4. Eight data cards (in sequence)
5. Shift card for 2nd set of data
6. Data identification card - Data Set #A2
7 Eight data cards

8. Floating point 10.0 in columns 1-10

9. Run identification card - Run #B

10. Shift card for 1lst set of data in Run #B

11. Data identification card - Data Set #Bl

12. Eight data cards

etc.

The output consisted of a set of punched cards containing the

shifted data, 53 points per set in the same format as the input.
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Printed ocutput is also given.

It should be noted that the integer values for Il and I2
punched in the data identification card in columns 13-15 and 16-18 are
used during the shifting operation. Only those points between Il and
I2 (inclusive) are shifted by the specified amounts all other values

are considered as zero.

b. Main Program Usage with New Entry Points

A new version of the main program, NSCP, has been developed
with facility for accepting data from cards for average blackbody
radiance and average emittance or emittance ratio. The card format

required is the same as that generated by the data SHIFT progran.

There are two possible re-entry points in the main program.
At entry point A, a set of average blackbody radiance data (9 .cards)
and sets of average emittance data (one 9-card set for each sample
spectra) are read in. Emittance ratios are then computed for each
sample spectra from this data, correlation coefficients are computed
and plot and card output generated. At entry point B, a set of
emittance ratios (9 cards) are read in for each sample spectra.
Correlation coefficients are then computed from this data and plot and

card output are generated.

The input data format for entry A and entry B is identical to
the output data format for the SHIFT program with the exception of one
additional card. The first data card is a run identification card -~
this may be the same identification card generated by the SHIFT program.
The second card contains four control variables. They are specified

with format (L4I5) in the following order:

NISSP - number of sample spectra
JUMP - for JUMP < O Entry A is executed (i.e. average
emittance data is read)
- for JUMP > O Entry B is executed (i.e. emittance
ratios are read)
IDTST - tape number (for identification)
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KPLOT - for KPLOT > O no plots are generated
for KPLOT

0 all plots are generated
for KPLOT < O only emittance ratio plots are
generated.

The remainder of the data depends on the entry point
specified. If entry point A is specified,blackbody data and average
emittances are read in and if entry B is specified, emittance ratios
are read in. The format of this data is identical to the format of
the card output from SHIFT, i.e. sets of 9 cards, the first card
being a data identification card and the last eight cards containing
53 values, with seven per card (FORMAT (1X, 7 F. 10.5)) except for the
last card which contains 4 values (FORMAT (iX, LF 10.5)).

The following sequence of cards would constitute a typical
set of input data:

1. Run identification card - can be the same as the one
generated by SHIFT.

2. Re-entry control card with NISSP, JUMP, IDTST and KPLOT
specified. For this case NISSP = 2 and JUMP = O.

3. Blackbody Radiance data ddentification card.

4, Eight cards with average blackbody radiance data (53
values).

5. Data identification card - average emittance data for
first sample spectra.

6. Average emittance data for the first sample spectra -
(53 values).

7. Same as 5 for the second spectra.
8. Same as 6 for the second spectra.
9. Run identification card - for second run.

10. Re-entry control card for second rumn.
For this case NISSP = 2 and JUMP = 1.

11. Data Identification Card - emittance ratio data for
the first sample spectra.

12. Emittance ratios for the first sample spectra (53 values)
13. Same as 11 for second sample spectra.

14. Same as 12 for second sample spectra.
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C. TAPE DUMP PROGRAM

The TRIFID data tapes are written in a closely packed binary form.
As indicated previously, 3 words of wavelength and radiance are packed
into one computer word. The TRIFID tapes are also blocked, that is 255
computer words are written onto one physical record of the tape. An
inter-record gap occurs on the tape between each of these physical
records. The last word of each physical record contains a range-coded
time (Pacific Missile Range Time). It is assumed, to relate the wave-
lengths and radiances to a unique time, that each set of one wavelength
observation and one radiance observation occurs at a time computed by
a linear interpolation between the two range coded times of two suc-
cessive records. Thus 254 computer words of packed wavelength and
radiance, plus one time, occur per record. This gives 254 x 3 or 762
words of wavelength and radiance or 381 sets of observations per record.
These cobservations occur continuously and succesively down the tape.
In order to find a particular spectrum, two range coded times are re-

quired - the start of the spectrum and the stop of the spectrum.

The spectrum is found by searching the tape until a range coded
time in the last word of a record exceeds a start time. If so the
record 1s saved and the start wavelength and radiance are bound by
interpolation between this range coded time and the range coded time
of the previous record.

Difficulty was encounted in determining the start and stop times
of spectra. The computer program uses the information directly from
the TRIFID tapes which were digitized from the original field analog
tapes. This time information, because of nolse, may not necessarily
agree with that on analog scrolls which were used previously to manually
determine range-coded times. In addition the analog scrolls were
hard to read with precision since the observer had to perform inter-
pretive measurements which were subject to error in order to determine
the start-stop times. It was therefore decided to write a program to
dump the basis TRIFID tapes with range coded times in a format that

could be easily read.
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A program was written which used the basic IMSC search package.
The program reads a record, completes range coded times for each
observation set by interpolating between the times in two succesgsive
record, and prints out the time, wavelength and radiance for each
observation. Thus one can scan down the listing until a minimum in
wavelength occurs, conclude that this is a start of a spectral interval,
and copy down the range coded time of the minimum wavelength.

There is a facility in the tape dump program for listing only a
desired set of records. For example, instruction can be given to
start listing at the 23rd record and stop at the 37th record.

The format of the input cards to the program are as follows:

(2F10.5) REC, START

REC is the total number of records to be read and listed

REC is placed in floating point form on the first 10 columns
of the card e.g., 37.0. If REC is zero or blanks, the program
assumes a value of 1000.0

START is the number of the record at which listing is to begin

START is placed in floating point form in the second 10 columns
of the card.e.g., 23.0. If START is zero or blanks, listing
starts with the first record

The TRIFID tape is mounted on logical unit 12. This corresponds
to physical unit B7 on the Stanford 7090.
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